Aromatase inhibitors (AIs) have become integral to the treatment of women with breast cancer and are the treatment of choice in postmenopausal women who have tumors that are estrogen receptor positive. The depletion of estrogen seen with AI therapy is significant and translates to beneficial tumor effect but has a negative impact on skeletal bone. Bone loss incurred from AI use creates an increased risk for osteoporosis and subsequent bone fractures. Menopausal women have additional bone loss when using AIs. In addition, younger women may develop risk for osteoporosis as a result of premature menopause from other therapies used in the treatment of breast cancer. The process by which a woman treated for breast cancer develops osteoporosis differs from the bone loss that occurs from menopause alone and should be considered as a separate process. The effects of AI therapy on women with breast cancer are profound, and patients may require specialized approaches to therapy. This article will discuss osteoporosis, including assessment and diagnosis, and review the available and experimental treatments, as well as nursing implications in the treatment of women with breast cancer on AI therapy.
A 56-year-old postmenopausal woman named W.H. was diagnosed in 2006 with a T4aN1M0, stage IIIB, infiltrating ductal carcinoma of the left breast, estrogen receptor positive (ER+) and progesterone receptor positive (PR+). She received neoadjuvant therapy with dose-dense doxorubicin and cyclophosphamide followed by docetaxel. After chemotherapy, she underwent a mastectomy and adjuvant radiation therapy in early 2007, then started on an adjuvant aromatase inhibitor (AI), anastrozole. At that time in her treatment, she had a screening bone density test (dual x-ray absorptiometry [DXA] ), which revealed a total lumbar spine T score of -4.3 (see Figure 1 ) and a total T score of -2.6 of the femoral neck (see Figure 2) . The results indicated that she had severe osteoporosis and was at risk for bone fracture. In her mid-30s, the patient was diagnosed with rheumatoid arthritis and was intermittently treated with steroids (which can contribute to osteoporosis). After starting chemotherapy for her breast cancer, W.H. was taken off all rheumatoid arthritis medications except for a daily 10 mg dose of prednisone. W.H. was known to have osteoporosis prior to her breast cancer diagnosis and was taking a bisphosphonate, alendronate 70 mg orally once a week, but she had not complied with the dosing. She reported forgetting to take her weekly dose because she could not always remember to take it on an empty stomach and would miss weeks at a time. She did not see the importance of taking an oral bisphosphonate or supplemental calcium and vitamin D for osteoporosis because she felt fine.
At a Glance
F Aromatase inhibitors have a negative impact on skeletal bone and can lead to the development of osteoporosis.
F Risk for and treatment of osteoporosis differ for women with a history of breast cancer taking an aromatase inhibitor as compared to women who do not have breast cancer.
Osteoporosis and Aromatase Inhibitors
Osteoporosis is the microarchitectural deterioration of bone leading to bone fragility; it is generally a silent process until a painful fracture occurs (Delaney, 2006) . AIs have a profound estrogen depletion effect, reducing estrogen production by more than 95% without the risk of endometrial cancer or thromboembolic events (Altundag & Ibrahim, 2006) . Because of their efficacy and risk profile, AIs are the treatment of choice for postmenopausal women with ER+ tumors, and they are approved as first-line therapy for women in this group (Chien & Goss, 2006; Pandya & Morris, 2006) . However, one of the most common side effects of AI use is skeletal bone loss leading to thinning of the bone (osteopenia) or risk of bone fractures (osteoporosis).
Development of osteoporosis may be a different entity in women with breast cancer, in part because of the use of AIs (Hadji, 2008) . Prior to initiating AI therapy, a woman may already be at risk for developing osteoporosis because of her age, comorbidities, dietary and personal habits, and adjuvant treatment for breast cancer. After adjuvant therapies, a woman has a five-fold increased risk for vertebral fracture compared with age-matched controls (Aapro, 2004; Hillner et al., 2003) . Thus, the development of osteoporosis in this patient population is multifactorial.
Women with breast cancer must be screened and treated for osteoporosis prior to AI therapy. Every oncology nurse should be well prepared to identify patients at risk, ensure screening is performed, and educate patients regarding prevention and treatment.
Eighty percent of the 10 million Americans with osteoporosis are women, and more than 1.5 million will have a fracture with significant consequences physically, emotionally, and financially (National Osteoporosis Foundation [NOF], 2008) . As many as 20% of those who have a hip fracture will die in the first year after the fracture from complications such as pneumonia or a thromboembolic event, and more than half of those who survive will have impaired mobility, with a quarter needing long-term nursing home care (Aapro, 2004; NOF) . In 2005, two million osteoporotic fractures occurred at an estimated cost of $19 billion; by the year 2025, three million fractures will exceed $25 billion (NOF). The current therapy for breast cancer places women with the disease at significant risk for developing osteoporosis. 
Pathogenesis of Osteoporosis in Women With Breast Cancer The Effects of Estrogen on Bone Remodeling
The skeleton is remodeled continually through simultaneous resorption of bone and formation of new bone. Osteoclasts remove bone, whereas osteoblasts are responsible for laying down new bone, and a balance between the two maintains normal bone mass and peak bone mineral density (BMD) in the third decade of life (Chien & Goss, 2006; Delaney, 2006) . However, the process is altered at menopause, and a rapid loss of bone occurs two to three years before the cessation of menses, continuing for five years after menopause as the result of estrogen depletion (Delaney) . Although not a clearly understood mechanism, estrogen deficiency influences the dynamics regulating osteoclast and osteoblast function. Osteoblasts produce two proteins, receptor activator nuclear factor-kappa B ligand (RANKL) and osteoprotogerin (OPG), involved in regulating bone remolding (Coetzee & Kruger, 2004) . The ratios between the two proteins in the bone marrow activate osteoclasts while controlling the rate of bone resorption and bone mass. If receptor sites on osteoclast precursor cells bind with RANKL, it will stimulate the production of osteoclasts, but if the receptor site receives OPG, it will inhibit osteoclast formation (Coetzee & Kruger) . Estrogens stimulate osteoblasts to produce OPG; however, in an estrogen depletion state, a down-regulation of OPG expression occurs, causing increased osteoclastic bone resorption, which leads to decreased bone mass (Coetzee & Kruger; Delaney; Ramaswamy & Shapiro, 2003 ) (see Figure 3 ).
Treatment-Induced Ovarian Failure
Postmenopausal women are at risk for osteoporosis, and adjuvant therapies for breast cancer can induce further decline in BMD. Cancer therapies also can cause ovarian failure in younger women, leading to bone loss, putting them at risk for osteoporosis. Hence, in either scenario, a woman with breast cancer is at risk for having an osteoporotic fracture should she develop osteoporosis regardless of age. Alkylating agents, particularly cyclophosphamide, can cause physiologic changes in the ovaries such as decreased number or fibrosis of secondary follicles. The total cumulative dose of cyclophosphamide and the age of the woman are the major causes for ovarian failure and can hasten the onset of menopause by as much as 10 years (Aapro, 2004; Ramaswamy & Shapiro, 2003) . Women younger than 30 who receive cyclophosphamide may continue to men-
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struate normally without any decline in hormone levels, but 70%-90% of women older than 40 will experience ovarian failure (Aapro; Ramaswamy & Shapiro) . Age and cumulative dose of cyclophosphamide are inversely related, and a woman in her 40s can experience amenorrhea at a cumulative dose of 5,000 mg, whereas a woman in her 20s can expect to have amenorrhea at a cumulative dose of 20,000 mg (Bines, Oleske, & Cobleigh, 1996) . A rapid loss of estrogen production in premenopausal women with chemotherapy-induced ovarian failure, on average, can cause a 4% loss of BMD in the lumbar spine within the first six months (Pandya & Morris, 2006) . During the first year that a woman undergoes surgery, radiation, or chemical ovarian ablation, losses in BMD can be as high as 13% (Aapro; Pandya & Morris).
Adjuvant Aromatase Inhibitors and Tamoxifen
In 1896, tumor regression in a young woman with locally advanced breast cancer was achieved after an oophorectomy, thereby establishing that breast cancer is hormonally responsive (Pandya & Morris, 2006) . In the 1970s, tamoxifen, an estrogen receptor blocker, was introduced and increased survival for women with breast cancer. Although tamoxifen preserves BMD in postmenopausal women, it increases the risk for endometrial carcinoma and thromboembolism and can create tamoxifen resistance (Pandya & Morris; Ramaswamy & Shapiro, 2003) . AIs were introduced in the 1990s and proved to be superior to tamoxifen as a therapy for hormonally responsive breast cancer. The American Society of Clinical Oncology (ASCO) currently recommends the use of a third-generation AI (letrozole, anastrozole, or exemestane) as adjuvant therapy in postmenopausal women with hormone receptor-positive early breast cancer as initial therapy or after tamoxifen (Chien & Goss, 2006) . Compared to tamoxifen, AIs significantly decrease estrogen levels by as much as 99% within six weeks of the start of therapy, but they also create a detrimental effect on skeletal bone, increasing the risk for osteoporotic fracture (Hadji, 2008) . A healthy postmenopausal woman is expected to lose 1% of BMD annually; in contrast, women treated with an AI have a 2% loss in BMD per year (Hadji) . The effect of AIs on bone loss was established in the Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial, which prospectively followed 108 women receiving anastrozole for 68 months. The incidence of fractures was higher in the anastrozole arm compared with the tamoxifen arm. The anastrozole group at five years showed a decrease in baseline BMD from -6.98% in lumbar spine density and -7.24% in hip density, whereas the tamoxifen-treated group had an increase in BMD lumbar spine density of +2.77% and hip density of +0.74%. The results were highly significant between the two treatment groups (p < 0.0001) (Eastell et al., 2008) . The authors of the ATAC study concluded that the skeletal issues associated with AI use could be managed with appropriate screening and treatment. Therefore, the risk of bone loss should not discourage the use of an AI in breast cancer treatment (Eastell et al.) .
Osteoporosis Screening
The decision to screen for osteoporosis remains controversial. The U.S. Preventive Services Task Force (USPSTF) recommends BMD screening for osteoporosis for all women 65 or older, starting at age 60 if additional risk factors are present (Hillner et al., 2003) . The NOF is in agreement with the USPSTF and recommends BMD testing for all women 65 or older, but also for postmenopausal women younger than 65 years with one or more Note. The background image depicts the normal physiology of bone maintenance (remodeling), which involves the continuous breakdown (resorption) of bone by osteoclasts and the formation of new bone by osteoblasts.
risk factors for osteoporosis and for all postmenopausal women who have had a fragility fracture (Delaney, 2006) . Women with preexisting medical conditions, family history, or personal habits that increase the risk of developing osteoporosis (see Figure 4 ), as well as those who are starting breast cancer therapy, are appropriate for BMD screening (Gass & Dawson-Hughes, 2006) . Based on a review of the medical literature, Hadji et al. (2008) specifically identified and validated eight fracture risk factors in women with breast cancer: AI therapy, T score less than -1.5, age greater than 65 years, low body mass index (less than 20 kg/m 2 ), family history of hip fracture, personal history of fragility fracture before age 50, oral corticosteroid use longer than six months, and smoking.
For most women, Medicare reimbursement for BMD testing begins at age 65 to screen for the development of postmenopausal osteoporosis. However, if a woman has certain medical conditions that increase the risk of osteoporosis, Medicare will reimburse BMD testing before age 65. Examples of such medical conditions include vertebral abnormalities indicative of osteoporosis, history of osteopenia, osteopenia, radiologic evidence of a spinal fracture, use of steroid medications, and assessment of an osteoporosis therapy approved by the U.S. Food and Drug Administration (FDA). Medicare will pay for a study every two years or more frequently if deemed medically necessary (American Medical Association, 2006; NOF, 2008) .
Diagnostic Testing
Interpretation of BMD testing results (see Table 1 ) is based on criteria established by the World Health Organization (WHO). The density measurements are reported as a T score and Z score. The T score represents the standard deviation (SD) for bone density above and below normal for the individual being tested compared to a 30-year-old with maximum bone density. The T score is used to diagnose osteoporosis, and one SD difference in the score equals a 10%-15% loss in bone density. Although the Z score is the SD for the individual being tested compared to agematched reference data, it is not used to diagnose osteoporosis in postmenopausal women. Although the WHO criteria are the standard for clinical practice, they have been criticized because they were designed for epidemiologic studies and not for individual care (Nelson, Weigert, & Mosley-Williams, 2005) .
Many methods are available for osteoporosis screening, but the most commonly used tool is DXA because it is the most sensitive and accurate for measuring BMD (Aapro, 2004) . DXA determines severity of bone loss and fracture risk, and it distinguishes among patients with osteoporosis, osteopenia, and normal BMD. Peripheral DXA (pDXA) is used commonly as a screening tool at health fairs and can identify individuals that would benefit from further BMD testing, but it cannot be used to accurately diagnose osteoporosis. DXA cannot measure BMD in the hip or spine if a patient weighs more than 300 pounds; testing the radius of such patients is an alternative testing method (NOF, 2008) . The reliability of using the forearm for BMD measurements with pDXA has the equal predictive value of a DXA if a T score threshold of -2.1 was used to diagnose osteoporosis, instead of the traditional -2.5 (Aapro).
Treatment
The treatment of AI-induced osteoporosis in patients with breast cancer is an emerging science. Therefore, most interventions, both nonpharmacologic and pharmacologic, are from the treatment of postmenopausal osteoporosis. However, because the process by which AI therapy induces osteoporosis differs from other entities, the treatment paradigm is changing.
Nonpharmacologic Interventions
The management of osteoporosis in women with breast cancer should begin with preventive measures such as physical activity, nutrition, lifestyle, and avoidance of falls. Exercise is necessary for a healthy skeletal system, but some forms of exercise are more advantageous than others. Aerobics, weight training, strength training, and stretching exercises provide modest increases in BMD (Delaney, 2006) . Epidemiologic studies have shown that physically active individuals are 20%-50% less likely to have a hip fracture than their sedentary counterparts (Feskanich, Willett, & Colditz, 2002) . Therefore, any form of exercise is important to maintain muscle strength, improve balance, and prevent falls, and women should be encouraged to exercise 30-60 minutes at least three times per week (Delaney; Gass & Dawson-Hughes, 2006) . Nutrition, primarily calcium and vitamin D, is critical for maintaining bone mass and is essential in osteoporosis prevention and treatment. Vitamin D is necessary for intestinal absorption of calcium, and combining vitamin D supplementation with calcium has been shown to reduce fracture risk (Gass & Dawson-Hughes, 2006) . The needed amount of calcium and vitamin D is dependent on the age and dietary intake of the individual (see Table 2 and Figure 5 ). All women on AIs should have a total calcium intake of 1,200-1,500 mg daily either by dietary intake or by supplementation. A vitamin D 3 supplementation of 800 IU daily is recommended, and for women with low BMD, a serum 25/hydroxyvitamin D level should be checked and corrected if low before starting a daily supplement of vitamin D (Chien & Goss, 2006) .
Smoking and excessive alcohol use (more than seven drinks per week) negatively impact bone mass and increase the risk of fracture, and women should be encouraged to make appropriate lifestyle changes (Delaney, 2006) . Excessive alcohol consumption not only impacts bone mass, but also increases the risk of falls from impaired coordination and balance. Caffeine intake also has been implicated in reduction of calcium; patients at risk for osteoporosis should limit intake (Limburg, 2007 330 mg of caffeine (e.g., about four cups of coffee) daily in caffeinated beverages increases the risk of fractures (NOF, 2008) . Fall prevention should focus on screening and treatment of comorbidities such as gait disorders, decreased mental capacity, and decreased vision. Reduction of certain drugs (e.g., sedatives, tranquilizers) and elimination of environmental hazards can help prevent falls (Maricic, 2006) .
Pharmacologic Interventions
Pharmacologic therapy of osteoporosis, in addition to the lifestyle modifications described earlier, can be effective (Gass & Dawson-Hughes, 2006) . Women on AI therapy are at a significantly higher risk for fractures because of the effect of the agents on bone loss. Several pharmacologic interventions are available for the treatment of osteoporosis, including bisphosphonates, calcitonin, teriparatide, and selective estrogen receptor modulators (SERMs) (see Table 3 ). However, nitrogen-containing bisphosphonates are considered the treatment of choice for bone loss associated with AI therapy (ibandronate, alendronate, risedronate, and zoledronic acid) (Hadji, 2008; Bauss & Schimmer, 2006) . Clinicians should be aware that the benefits of pharmacologic interventions are in addition to the benefits derived from calcium and vitamin D (Gass & Dawson-Hughes) .
Bisphosphonates
Bisphosphonates are inhibitors of osteoclastmediated osteolysis, and the IV forms have been useful in the treatment of malignant bone disease and in Paget disease. Bisphosphonates function as chemical analogs of pyrophosphate, binding to bone at areas of active bone remodeling (Theriault & Hortobagyi, 2001) . Oral bisphosphonates are an established therapy for the treatment of benign osteoporosis; the most commonly used are alendronate, risedronate, and ibandronate (Maxwell & Viale, 2005) . The IV forms of bisphosphonate require a clinic visit, with administration of hydration and monitoring of key laboratory tests (Viale & Yamamoto, 2003) . IV ibandronate is approved by the FDA for the treatment of osteoporosis when given every three months. Additionally, IV zoledronic acid recently was approved by the FDA to treat postmenopausal osteoporosis after a large, double-blinded, placebo-controlled trial of 3,889 patients showed that a once-yearly infusion of the drug significantly reduced the risk of vertebral, hip, and other fractures (Black et al., 2007) .
The benefits of clodronate and risedronate were demonstrated by the reduction of bone loss associated with chemotherapy-induced ovarian failure in several studies (Delmas et al., 1997; Saarto et al., 1997) . The therapies were well tolerated, with flu-like symptoms occurring most commonly, usually during the first cycle of therapy. Although the goal of total abolishment of bone loss associated with the therapy was not reached, a significant reduction in bone loss was achieved (Saarto et al.) . Recent data regarding the use of zoledronic acid in this setting have been encouraging. IV zoledronic acid showed significant 
Calcium
• Patients older than 50 should take 1,000-1,500 mg per day (adjusted according to dietary calcium intake).
vitamin D
• Patients 51-70 years old should take 400 IU per day.
• Patients 70 or older should take 600 IU per day.
• Those with a risk for deficiency because of inadequate sunlight exposure should take 800 IU per day. For the treatment of osteoporosis, 10 mg tablet once a day or 70 mg tablet weekly; for prevention of osteoporosis, 35 mg tablet weekly or 5 mg tablet once a day 5 mg tablet once a day, 35 mg tablet weekly, 75 mg on two consecutive days each month, or 150 mg once a month 2.5 mg tablet daily, 150 mg tablet once a month, or 3 mg IV infusion every three months 5 mg IV infusion over 15 minutes once a year; 4 mg IV infusion over 15 minutes twice a year; 5 mg via IV infusion over 15 minutes every two years All agents in class: Most commonly reported side effects for all oral bisphosphonates include gastrointestinal effects such as heartburn and irritation of the esophagus. Take first thing in the morning on an empty stomach with a full glass of water. Do not take with other beverages. After taking oral bisphosphonates, a patient must remain upright (sitting or standing position) and avoid bending or lying down for at least 30 minutes. Osteonecrosis of the jaw (rare) can occur. Musculoskeletal pain has been reported.
Should be taken at least 60 minutes before first food and drink, and patient should stay upright for 60 minutes following the dose.
Renal toxicity; measure serum creatinine prior to each dose. Hydrate with each dose, or patients should drink at least several glasses of fluid before each dose. Hypocalcemia may occur. Osteonecrosis of the jaw is a rare side effect of bisphosphonates. Severe muscle, bone, and joint pain has occurred with administration of zoledronic acid. Common side effects: flu-like symptoms, fever, pain, and headache monoclonal antibody: denosumab Trial patients received subcutaneous injection of 60 mg at day 1 and months 6, 12, and 18.
The FDA voted to recommend approval of denosumab for osteoporosis, possibly with black box warning and under Risk, Evaluation and Mitigations Strategy; improves bone mineral density in trabecular and cortical bone in women with nonmetastatic breast cancer on aromatase inhibitor therapy Most common adverse events included arthralgias, extremity or back pain, fatigue, constipation, cough, and insominia; however, the adverse events were essentially similar to those seen in the placebo-controlled group.
Note. Based on information from Amgen Inc., 2009; Eli Lilly & Co., 2004 Merck & Co., Inc., 2008; Novartis Pharmaceuticals, 2006 , 2009 benefits in a study of premenopausal women receiving goserelin plus anastrozole or tamoxifen (Gnant et al., 2002) . For the first 172 patients who completed one year of therapy, treatment with zoledronic acid (4 mg every six months over 15 minutes) significantly preserved BMD in lumbar spine and trochanter (L1-L4 with p < 0.0001 and p < 0.002, respectively). Gnant et al. published results in 2007 of phase III data in which the combination of a bisphosphonate with an AI effectively prevented cancer treatmentinduced bone loss in young, premenopausal women. The study patients were randomly assigned to receive either goserelin plus tamoxifen or goserelin plus anastrozole for three years plus or minus zoledronic acid. In a BMD subprotocol, patients underwent serial BMD measurements at baseline and 6, 12, 24, and 36 months. A total of 401 patients were included in the subprotocol, and the results showed that zoledronic acid effectively inhibited bone loss. No patient experienced a fracture in the study (possibly reflecting the younger age of the study participants); no cases of osteonecrosis of the jaw or renal dysfunction were noted.
Currently, the Zoledronic Acid-Letrozole Adjuvant Synergy Trial in North America and a parallel trial in Europe are studying zoledronic acid (4 mg every six months) in postmenopausal women receiving letrozole for early-stage hormone receptorpositive breast cancer. The purpose of the studies is to determine the benefit of the therapy when started immediately or delayed (after a patient experiences an asymptomatic fracture or develops severe osteopenia or clinical fracture) (Brufsky et al., 2007 . The interim analysis (including data from 1,667 patients) suggests that zoledronic acid therapy increases BMD of the lumbar spine in postmenopausal women more effectively when given early versus delayed. The results of the studies show that patients with early-stage breast cancer who receive zoledronic acid (4 mg via IV every six months) have a significant decrease in bone loss during the first year of AI therapy versus the patients who received delayed zoledronic acid (p < 0.0001). BMD decreased in patients who were in the delayed treatment arm (15.3%) and for patients who never received zoledronic acid (84.7%). Of interest, the patients receiving upfront zoledronic acid had fewer disease recurrences or death versus the delayed group (1.1% versus 2.3%) . Based on the largest objective evidence to date, Hadji et al. (2008) devised a treatment strategy (see Figure 6 ) for patients with breast cancer receiving AI therapy. They recommended the use of zoledronic acid 4 mg every six months for the prevention of osteoporosis.
In general, bisphosphonates are well tolerated, although oral therapies have been associated with gastrointestinal side effects. Osteonecrosis of the jaw (ONJ), although rare, is considered a side effect of this class of agent (oral and IV forms): 7%-10% in patients with multiple myeloma and approximately 4% in patients with breast cancer (Drake, Clarke, & Khosla, 2008) . Zoledronic acid, pamidronate, alendronate, risendronate, and ibandronate are more strongly associated with ONJ (listed from strongest association to weakest), and the condition occurs more frequently in patients receiving the drug for metastatic disease versus osteoporosis (Font, Garcia, & Martinez, 2008) . The risk of ONJ may be cumulative and has been reported as high as 21% by the third year of IV bisphosphonate use for metastatic disease (Font et al.) . Renal toxicity also may occur with bisphosphonates; renal values (creatinine) must be checked prior to each IV dose. A report from the FDA described esophageal cancer with oral bisphosphonate use in 23 patients (with eight deaths) treated with alendronate (no other oral bisphosphonate reports were found in the United States in the FDA database for adverse events) (Wysowski, * If patient experiences an annual decrease in bone mineral density of 5% or more, secondary causes of bone loss should be evaluated and bisphosphonate therapy considered. 2008). The median time to diagnosis of esophageal cancer was 2.1 years; although risk factors were not available for all patients, one patient was determined to have Barrett esophagus (a precursor of esophageal adenocarcinoma). Additional reports of esophageal cancer have surfaced in European and Japanese patients receiving alendronate and other oral bisphosphonate drugs, and the author of the report cautioned that future studies should include oral bisphosphonates and their risk for esophageal cancer (Wysowski) .
Additional Therapies
Additional therapies have efficacy in preventing fractures in patients with osteoporosis; however, their role in reducing fractures in patients with breast cancer on AI therapy has not been established. A recent systematic review of calcitonin, given intranasally, found that more than one randomized trial or meta-analysis confirmed that it did prevent vertebral fractures when compared with placebo (MacLean et al., 2008) . Reduction in the rate of bone turnover is the mechanism of action, resulting in the maintenance of the trabecular architecture of the bone, which preserves bone strength and quality (Mehta, Malootian, & Gilligan, 2003) . In addition, calcitonin has a direct analgesic effect on bone (Mehta et al.) . Teriparatide is a recombinant formulation of the first 34 N-terminal amino acids of parathyroid hormone and is given subcutaneously. It can increase bone mass and improve the microstructure of the bone (Gass & Dawson-Hughes, 2006) . A study by Neer et al. (2001) showed that treatment of postmenopausal osteoporosis with parathyroid hormone decreased the risk of vertebral and nonvertebral fractures, while increasing the BMD of the vertebral and femoral areas, and it was well tolerated. This agent caused an increase in the incidence of osteosarcoma in male and female rats during clinical trials. It is contraindicated in individuals who are at increased risk for osteosarcoma and should not be used for patients who have received radiation to bone or those with skeletal metastases (Mincey & Tan, 2004) . Additionally, if a patient is at risk of developing skeletal metastases, the drug should be used with caution.
The SERM raloxifene was found to maintain BMD and reduce spinal fractures in women at risk for osteoporosis with the same cardiac protective effect (reduced LDL cholesterol) as tamoxifen (Jordan, 2007) . Raloxifene also was shown to be as effective as tamoxifen in the reduction of the risk of invasive breast cancer with fewer side effects, although the risk of noninvasive breast cancer was higher but not significantly so (Vogel et al., 2006) . The FDA has approved raloxifene as the only SERM for the prevention and treatment of osteoporosis; side effects include risk of deep vein thrombosis and pulmonary embolism (Gass & Dawson-Hughes, 2006) . Although estrogen therapy has been shown to increase bone mass and reduce the risk of fracture in low-risk postmenopausal women, it is not recommended for women with breast cancer.
A randomized trial of denosumab in patients receiving adjuvant AIs for nonmetastatic breast cancer was published (Ellis et al., 2008) . The trial included 252 patients (of whom 81% completed the 24-month study), and the women received supplemental calcium, vitamin D, and either placebo or subcutaneous denosumab. Denosumab is a fully human monoclonal antibody with a novel mechanism of action; it binds significantly to RANKL but does not affect tumor necrosis factor ligands (Ellis et al.) . The antibody inhibits osteoclast formation, function, and survival by its effect on RANKL. The women were required to have evidence of low bone mass (osteopenia) but not osteoporosis, and the primary end point was the percentage change from baseline at month 12 in the lumbar spine BMD (Ellis et al.) . The measurements of BMD in the lumbar spine increased by 5.5% at 12 months and by 7.6% at 24 months, with the increases seen as early as one month after initiation of treatment. The adverse events were similar between study groups, and the researchers concluded that twice-yearly administration of denosumab increased BMD significantly over 24 months (Ellis et al.) . The FDA advisory committee reviewing denosumab voted to recommend approval of the agent in some patients with prostate cancer and as a therapy for osteopororis; however, indications for bone loss in breast cancer and hormone ablation therapy in men with prostate cancer were not approved. Concerns regarding infections and cancers in patients receiving the agent in clinical trials versus placebo led to the decision (Pollack, 2009 ).
Nursing Interventions
Oncology nurses have a role in osteoporosis prevention and treatment in patients with breast cancer. Knowledge of the risk factors for development of osteoporosis in this patient population will ensure that timely DXA screening and education are performed. Educating patients about physical activity, nutrition, lifestyle, fall prevention, and management of osteoporosis treatment is important to overall success in preventing osteoporotic fractures (see Figure 7) . Oncology nurses should assess all patients with osteoporosis for potential falls, such as a history of falls, fainting, muscle weakness, dizziness or balance problems, impaired vision, and use of sedatives or narcotics. They also should inquire about the safety of patients' homes for possible environmental dangers such as poor lighting and tripping hazards (Delaney, 2006; Gass & Dawson-Hughes, 2006) . Nutritional supplementation with calcium and vitamin D is the foundation of osteoporosis treatment, and every oncology nurse should be prepared to address it with their patients. Because bisphosphonates are very poorly absorbed from the gastrointestinal tract (approximately 1%-2% of the dose), patients must follow specific instructions to ensure proper absorption (Grey & Reid, 2006) . Patients should be cautioned regarding the need to take their pills with a full glass of water and to avoid food and beverages for at least 30 minutes after a morning dose to improve absorption. Patients also must stay upright for 30 minutes after administration (ibandronate requires a 60-minute period); these measures are designed to reduce the risk of gastrointestinal side effects (Gass & Dawson-Hughes) . Adherence to prescribed therapies is a significant issue for patients receiving treatment for chronic conditions (Miaskowski, Shockney, & Chlebowski, 2008) . Multiple studies have shown nonadherence to oral therapies as high as 30%-60% of the time (Barber, 2002; Haynes, McDonald, & Garg, 2002) . Nonadherence can affect the efficacy of standard chemotherapy agents, as well as supportive care treatments such as those for osteoporosis and bone metastasis (Papaioannou et al., 2003; Partridge, Avorn, Wang, & Winer, 2002) . In one study, adherence to bisphosphonate therapy affected patient outcomes with significantly few fractures noted for the adherent group (Siris et al., 2006) . The study cohort included 35,537 women, and an association was noted between compliance with refills of bisphosphonate therapy and a decrease in the reduction of fracture risk. Another study of postmenopausal women who were prescribed weekly versus daily bisphosphonate therapy showed that the weekly group had significantly better adherence and persistence than the daily group; however, adherence and persistence rates for both groups were suboptimal (Cramer, Amonkar, Hebborn, & Altman, 2005) .
Oncology nurses can assist with adherence by questioning patients regarding their medication use at follow-up visits and querying them about side effects and adverse events (Miaskowski et al., 2008) . Reinforcement of the importance of maintaining scheduled visits for IV medication is important as well. Education about expected side effects is critical to help patients maintain therapy and understand possible events related to treatments. Emphasizing reportable side effects also is important, as patients may stop therapy because of such occurrences. Oncology nurses can triage phone calls and assist patients with side-effect management, while reinforcing the significance of therapies, nutrition, vitamin D and calcium supplementation, and exercise. Nurses are key in partnering with patients for optimal results during therapy and can guide them to appropriate support groups or organizations for additional information (Miaskowski et al.) . Additionally, many of the medications used in the treatment of osteoporosis carry significant costs, whether given orally or via IV. Oncology nurses should be educated regarding current guidelines, communicate the need for treatment to insurance companies when appropriate, and advocate for patient assistance programs if needed.
Case Study
W.H. was at risk for future bone loss because she was on AI therapy and because of her history of noncompliance with her weekly oral bisphosphonate. Therefore, she was started on IV therapy with zoledronic acid 4 mg twice a year. She also was started on 1,000 mg of calcium and 800 IU of vitamin D daily. W.H. was advised about exercise and personal habits to help minimize further bone loss. She received education regarding her fracture risk and the mechanism of action for her therapy. W.H. also received telephone numbers for advice calls. Despite W.H.'s age of 56, a yearly DXA was planned, given the severity of her osteoporosis, to monitor her response to treatment.
Conclusion
Women with breast cancer are at risk for osteoporosis and should be screened, monitored, and treated to prevent fractures. Advancing age and additional risk factors, including breast cancer treatments, place some women at risk for bone loss and lifechanging or life-threatening osteoporotic fractures. Treatment with AIs may require a different approach to therapy for osteoporosis. Many treatment options are available for osteoporosis, and the future offers promising new drug therapies.
